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esponsibility of ChinAbstract In this research, phosphate and silicate based ceramic ﬁlms were synthesized via micro arc
oxidation (MAO) method on the surface of the magnesium alloy. With the aim of orthopedic application
of these coatings, corrosion behavior of them was investigated by potentiodynamic polarization and
electrochemical impedance spectroscopy in simulated body ﬂuid (SBF) environment. The results indicated
better corrosion resistance of the phosphate ﬁlm compared to the silicate ﬁlm. Moreover, based on
immersion tests, less pH and weight changes were obtained for the phosphate coating. Osteosarchoma
(G292) Cell response of the coated specimens showed better cell morphology on the surface of the
phosphate ﬁlm than silicate ﬁlm after 6 and 24 h of culture. This was related to the more surface
roughness and less degradation rate of the phosphate ﬁlm compared with silicate coating.
& 2013 Chinese Materials Research Society. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
With regard to biomedical ﬁxation implants, such as bone plates,
screws and pins for repairing serious bone fractures, it is desirable to
use materials that can degrade in biological environment at theearch Society. Production and hostin
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ese Materials Research Society.moderate rate the same as bone healing process [1,2]. Recently
magnesium and its alloys have attracted considerable attention in
this ﬁeld so that, they can degrade in biological environment and
eliminate the risk of secondary operation to patients [3,4]. However,
the corrosion rate of magnesium implants in the body environment
is so fast that beside the osteogenesis promotion, it will remain a
gap between the host tissue and the implant [5]. Moreover, high
hydrogen evolution and fast increasing of the pH adjacent to the
implant are drawbacks that have become main limitations of pure
magnesium implants in clinical applications [5–7].
There are different kinds of methods for improving the corrosion
resistance of magnesium implants such as adding alloying elements in
magnesium structure [8–10] or using magnesium metallic glassesg by Elsevier B.V. All rights reserved.
A. Seyfoori et al.426[11] and so on. But among them surface treatment methods are
effective ways for improving the corrosion resistance [12–14] as well
as the surface topography [15] of magnesium implants. In this way
the proper cell–implant interactions for using as implant applica-
tions can be achieved.
Recently, micro arc oxidation technique has been used in the
ﬁeld of biomaterials [16,17]. Micro arc oxidation (MAO) is an
electrochemical coating process, which with regard to the kind of
excitation source [18] can generate well adhered and anti corrosion
ceramic coating with interconnected porosities, and rough surface.
These properties can potentially provide a suitable environment for
the cell adhesion [19]. Since, in the most of studies [20,21] different
roughness values for the appropriate adhesion of osteoblastic cells has
been reported, so in MAO treatment with changing the electrolyte
composition and the parameters of process such as time and current
density, altering the surface roughness and getting the best cell
adhesion on the surface of the implant beside the corrosion resistance
enhancement can be achieved. Cell adhesion is one of the initial
stages for consequent proliferation of osteoblastic cells producing
bone tissue. It has been conﬁrmed that osteoblastic cell adhesion,
growth and proliferation are correlated to surface roughness. Poros-
ities of the MAO derived layers make them rough and, consequently,
can lead to the better cell adhesion as well as better osseointegration
early after implantation in the defect side. In this way the healing
process will be accelerated [19,22].
In this research, for getting better conception in degradation
process of the micro arc oxidized AZ31 magnesium implant derived
in different electrolytes, electrochemical experiments of the synthe-
sized ﬁlms in simulated body ﬂuid (SBF) were evaluated. Moreover,
with the aim of biocompatibility assessment of the ﬁlms, cell
morphology on the specimens' surfaces was investigated.2. Materials and method
2.1. MAO treatment
The procedure of the coating has been reported elsewhere [15], but
here it is brieﬂy explained. AZ31 magnesium sheet with chemical
composition of Al 2.4–2.6, Zn 1.09–1.14, Mn 0.3–0.4, Sio0.02,
Feo0.03 and balance magnesium was cut into rectangular samples
with the dimension of (60 mm 30 mm 30 mm) for using as
substrate. Test samples were ground with abrasive silicon carbide
paper and then ultrasonically cleaned in acetone for 10 min. MAO
process was performed using constant DC power supply in two
different electrolytes with current density of (480 mA/cm2) for
20 min. Alkaline silicate bath was composed of Na2SiO3 (10 g/l)
solution with KOH (3 g/l) and NaF (4 g/l) additives and alkaline
phosphate bath was prepared using Na4P2O7 solution (5 g/l) as
main component with the same additives as above. The tempera-
ture of the electrolytes was kept at 25–30 1C by a water cooling
system. All coated samples were rinsed in distilled water and dried
at room temperature after the MAO treatment.
2.2. Corrosion analysis
2.2.1. Electrochemical tests
Electrochemical tests were utilized for investigating the corrosion
resistance of MAO derived samples. Potentiodynamic polarization
experiments were conducted using Iviumstate potentiostat/galva-
nostat system with the sweep rate of 1 mv/s. The range of voltagescanning was kept between 0.3 V and 0.4 V under and upper the
open circuit potential respectively. The electrochemical measure-
ments contained common 3 electrode cell: coated specimens as
working electrode, saturated Ag/AgCl as reference electrode and
platinum as counter electrode. Electrochemical impedance spectro-
scopy of coated specimens was conducted in the 10 MHz–
100 KHz frequency range using 10 mv amplitude peak to peak
A.C. excitation. All of the electrochemical experiments were
conducted in the simulated body ﬂuid medium at 7.4 pH and
body temperature condition.2.2.2. Immersion tests
Immersion tests were conducted on coated specimens with the
exposed surface area of about 0.25 cm2 and the dwell time of 48 h.
Variations of the corrosive solution's pH were monitored during
immersion tests and the proﬁle of that with time was depicted.
Moreover, the corrosion rate of two coating specimens was evaluated
by weighing them using electric balance before and after immersion.
Immersion test was performed in simulated body ﬂuid (r-SBF), which
is composed of 6.54 g/L NaCl+2.27 g/L NaHCO3+0.37 g/L KCl
+0.14 g/L Na2HPO4+0.9 g/L MgCl2  6H2O+0.36 g/L CaCl2  2H2O
+0.07 g/L Na2SO4+6.05 g/L Tris and 40 mL/L HCl (1 M). All of the
immersed samples were placed in the incubator at the condition of
cell culture (37 1C, 5% CO2 and 90% RH).2.3. Cell experiments
In this survey, the human osteosarcoma cell line (G292) take from
National Cell Bank of Iran was selected to appraise the biological
properties of the samples. Osteoblast cells were cultured in DMEM
with 10% (v/v) fetal bovine serum (FBS-Seromed, Germany),
100 U ml−1 penicillin and 100 μg ml−1 streptomycin and then were
placed in incubator (37 1C, 5% CO2 and 90% RH). In order to
investigate the cell adhesion to samples, ﬁrstly, they were placed in
6-wells plate and sterilized by ultra violet light for 1 h. 7 103 cells
in 100 μl medium culture were located on the samples and then they
were located in incubator for 5 h, and after the cells have been
adhered to the samples surface, 1 ml culture medium containing
10% FBS was poured on each sample. Samples were kept in
incubator for 24 and 48 h. After that, the culture medium was
removed from each sample and washed with phosphate buffer saline
(PBS), Glutaraldehyde of 2.5% was used for ﬁxation of the cell.
After shedding a speciﬁc amount of ﬁxator on each sample, it was
put in the refrigerator for 24 h for removing the ﬁxator and then the
samples were washed with PBS and afterwards with alcohol (60%,
80%, 90% and 100%). cell adherence to samples was investigated
by scanning electron microscope, (VEGA TSCAN).2.4. Characterizations
The surface morphology and cross-section of the coated samples
were observed by TSCAN VEGA scanning electron microscopy.
Moreover, elemental map of the MAO derived coatings were
obtained by energy dispersive spectroscopy (EDS) method. Sur-
face roughness of samples was calculated with stylus type surface
proﬁlometre (Taylor Habson Surtronic 25) with the resolution of
0.01 μm.
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3.1. Morphology and chemical composition
Fig. 1 shows surface morphologies of the specimens after MAO
treatment. It is completely obvious; there are different morphol-
ogies for the obtained ﬁlms in the silicate and phosphate baths.
Both of the MAO derived ﬁlms have porous microstructure, which
is common for such electrolytic plasma processes. These porosities
can be useful for getting the effective cell attachment at the
primary stage of cell culture [19]. One of the most prominent
factors, which should be considered in this process, is the size of
the porosities. As shown in Fig. 1, the obtained ﬁlm in silicate bath
has approximately uniform sized pores at the range of 0.5–1.5 μm
with an approximately homogenous dispersion. For the phosphate
bath, the obtained ﬁlm has also porous structure but range of the
pores is between 5 and 20 μm. Moreover, the phosphate coating
has a kind of gradient structure, so that from the outer to inner
layer the size of the pores will become smaller as shown in
Fig. 1b–d. With regard to different composition and topography,
which is obtained from the oxide ﬁlms treated in different
electrolytes, it seems that for both of the coatings, beside the
effect of chemical composition, the effect of surface roughness can
be considered for behavior of the cells on their surfaces [16,19]. In
the phosphate electrolyte, formation of these kinds of porosities
can be related to reactivity of phosphate ions (P2O7
4−), withFig. 1 Surface morphologies of the specimens after MAO treatment, (a) s
magniﬁcation.substrate ions. At the high pressure and temperature of discharge
channels, which occurs by defeating of the insulating oxide barrier
layer enshrouding the substrate, these ions will decompose and
form abundant oxygen bubbles. These bubbles are the primary
ignition points for formation of the structural pores.
The elemental map of the two ﬁlms' surfaces has been depicted
in Fig. 2. It is obvious that the main containing elements of both of
the silicate and phosphate baths, Si for silicate and P for phosphate
ﬁlms, have been distributed homogeneously the entire surface of
the grown ﬁlms. In addition, the Mg substrate has also been
distributed homogenously, which indicates the uniform formation
of the ceramic compounds whole the MAO treated surfaces. With
regard to the X-ray pattern of the obtained ceramics layers in our
previous study [15], these ceramic compounds contain forsterite
and farringtonite phases for silicate and phosphate electrolytes
respectively. The weaker distribution of phosphate containing
elements in the EDS map can be related to the greater pores at
the internal and external layers of the MAO derived ﬁlms.4. Bio-degradation assessments
4.1. Electrochemical tests
Since degradation behavior of magnesium implants is based on their
corrosion in biologic environment, hence, an evaluation the corrosionilicate ﬁlm, (b) phosphate ﬁlm, (c) and (d), phosphate ﬁlm with higher
Fig. 2 Elemental map and EDS analysis of (a) phosphate ﬁlm and (b) silicate ﬁlm.
Fig. 3 Potentiodynamic polarization curves of the coatings.
A. Seyfoori et al.428mechanism of magnesium alloys is inevitable. By conducting potentio-
dynamic polarization tests and electrochemical impedance spectroscopy
in simulated body ﬂuid (r-SBF), the corrosion behavior of the coatings
was achieved. The parameters of corrosion experiment such as
corrosion current density icorr, corrosion potential Ecorr and corrosion
resistance Rp were ﬁtted by Corr-view software using Tafel extrapola-
tion of linear region in anodic/cathodic curves. The detailed results of
the polarization analysis are in our previous work [15], but here for
having a better comparison between D.C. and A.C. cprrosion data, a
brief explanation is presented. Potentiodynamic curves of the coatings
and substrate and their ﬁtting results are depicted in Fig. 3 and Table 1
respectively. It is shown that the curve belongs to the phosphate ﬁlm
with the corrosion current density of about 2.94E-6 has been shifted a
little to the left; this indicate the lower corrosion current density about
more than one order of magnitude, which can be obtained for the
phosphate ﬁlm compared with silicate ﬁlm and the substrate. The
shifting of the polarization curve can be also seen in silicate ﬁlm with
current density of 6.56E-5 but it is not so signiﬁcant. It shows the lower
coverage ability of silicate coating compared with phosphate ﬁlm from
perforation of SBF medium to the substrate.
The results of electrochemical impedance spectroscopy can be
seen in Table 2. They contain valuable information about the
kinetics of corrosion process occurring at the different parts of the
coatings. The parameters of Rs (solution resistance), RE/CPEE(external layer resistance/capacity) and RI/CPEI (interface layer
resistance/capacity) were ﬁtted by the common two time-constant
containing equivalent circuit [23,24] using Z-view software and
were shown in Fig. 4. According to Fig. 5a and b, it can be
disclosed that the Nyquist plots of both of the silicate and phosphate
ﬁlms has more or less two semicircles structure. But there is a main
difference between electrochemical behaviors of them. For phos-
phate ﬁlm, with regard to cross-section morphology of the speci-
mens, Fig. 5c and d, the second capacitive arc belongs to resistance
of the barrier layer adjacent to the substrate but for the silicate ﬁlm,
due to diffusion of corrosive medium toward the interface of coating
and substrate, which leads to the magnesium substrate corrosion
during the test, it can belong to the polarization resistance of
substrate. Here, in the case of silicate ﬁlm the parameters of RI and
CPEI in second parallel circuit belong to the charge transfer
resistance and double-layer capacity from the magnesium substrate
respectively. In addition RI parameter for phosphate ﬁlm is bigger
than for silicate ﬁlm, which can be due to its better coverage effect
against the corrosive medium. Fitting results, illustrate the higher
deterioration rate of the silicate ﬁlm than phosphate in SBF
environment so that, the capacitive arc of the phosphate ﬁlm is
much greater than silicate ﬁlm and substrate. As shown in Fig. 5b,
the Nyquist plot of substrate has also two capacitive arcs, which the
second arc indicate the adsorption of the intermediate corrosion
products and, hence, putting off the charge transfer and deterioration
of the substrate with corrosive medium [25]. However, the corrosion
resistance of the bare magnesium is less than coated ones. More-
over, by evaluation of bode plots of 3 specimens, Fig. 6, different
proﬁle for real impedance values of the phosphate and silicate
coatings from the high to low frequencies is obtained. It is seen that,
both of the inner and outer layers of the phosphate coating play
signiﬁcant role in corrosion protection compared to the silicate
coating. But due to greater differences between Z′ values of
phosphate and silicate ﬁlms at low frequencies, it seems that inner
layer which has a dense structure in phosphate ﬁlm can protect
substrate more effective than outer porous layer from diffusion of
corrosive medium through the substrate.
In this experiment the results of both of the A.C. and D.C.
polarization tests are agreement with each other so that,
Table 1 Polarization results of experimental specimens.
Sample Ecorr (V) Icorr (A/cm
2) Rp (KΩ cm2)
Substrate −1.54 8.1E-5 1.211
Silicate −1.56 6.56E-6 1.347
Phosphate −1.47 2.94E-6 12.5
Fig. 4 Electrical equivalent circuit used for ﬁtting the experimental
EIS curves.
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phosphate, silicate and substrate respectively. The main and the
most effective reasons, which is seems to be involved for greater
corrosion resistance of the phosphate ﬁlm is its chemical composi-
tion as well as the physical barrier layer, which can postpone
perforating the aggressive medium through the substrate. Presence
of Mg3(PO4)2 phase in the phosphate coating and lower solubility
product constant of that than for Mg2SiO4 in silicate ﬁlm can
ensure the chemical stability of phosphate coating in SBF solution
and decrease the deterioration of that [26].
4.2. Immersion tests
By performing the immersion tests for the silicate and phosphate
coatings, long term degradation behavior of them was evaluated.
Atomic percents of calcium and phosphorus in EDS analysis can
represent the amount of bone like apatite, which is formed on the
surface of the samples. After immersion of the coated specimens
for 48 h in r-SBF solution, the atomic percentage of the Ca and P
on the surface of the silicate ﬁlm will be reached to 4.12 and 4.34
respectively. In this regard, the amount of Ca and P for phosphate
ﬁlm is measured to be around 2.56 and 2.87 respectively. So, it
becomes obvious that the amount of formed apatite on the surface
of the silicate ﬁlm is greater than phosphate ﬁlm. Different values
of apatite formed on the surface of the silicate and phosphate ﬁlms
can be attributed to two main factors of corrosion behavior and
bioactive nature of the coatings [27]. With respect to polarization
and EIS results, higher corrosion resistance is reported for phos-
phate ﬁlm in comparison to silicate ﬁlm, but according to Fig. 7,
the difference between pH variations of the SBF medium adjacent
to the silicate and phosphate ﬁlms is not so signiﬁcant. According
to other reports [28,29], corrosion of magnesium alloys in aqueous
environment is associated with series of equations of Eqs. (1–3).
Mg¼Mg2++2eˉ (1)
2H2O+2eˉ¼H2+2OHˉ (2)
Mg2++2OHˉ¼Mg(OH)2 (3)
Since, high pH is needed for nucleation of bone like apatite, so
it seems that the lower releasing rate of hydroxyl groups can be the
main reason for the less bone like apatite deposition on the surface
of the phosphate ﬁlm with higher corrosion resistance than silicate
ﬁlm. It should be noted that presence of minor amount of depositedapatite on the surface of the phosphate ﬁlm can be attributed to the
rougher surface of that (Ra¼0.419 μm and Rt¼7.06 μm) in
comparison to silicate coating (Ra¼0.188 μm and Rt¼2.14 μm),
Fig. 8. A relative rough surface with great peak to valley height (Rt),
can accommodate more available area for SBF solution and,
subsequently, can induce more apatite nucleation [30]. As shown
in Fig. 7, for phosphate and silicate ﬁlms, the results of pH variation
and apatite deposition do not complement each other. According to
our previous report [15], the main containing phase of the silicate
ﬁlm is forsterite, which has been reported as a bioactive compound
due to formation of the silanol groups and, subsequently, electro-
statically adsorption of the Ca2+ and PO4
3− from the SBF solution on
its surface [31]. Hence, primary pH increment can promote bone
like apatite deposition and, thereafter, can suppress further increas-
ing the medium's pH adjacent to the silicate ﬁlm. In general, the pH
increment inhibitory role of the formed apatite on the surface of the
silicate ﬁlm and corrosion resistant nature of the phosphate coating
can be introduced as the main probable causes of the same pH
changes during the immersion of silicate and phosphate ﬁlms.
Corrosion rate of the coated specimens were also investigated by
immersion in the SBF solution and calculating the mass of them
before and after immersion using the equation of Eq. (4), [32]:
R¼ ðm0−m1Þ=S:t ð4Þ
where, m0 and m1 are dry weight of the specimens before and after
immersion respectively, S, is the exposed surface area and t,
represents the time of the immersion.
As is seen in Fig. 9, degradation rate of the phosphate ﬁlm is
less than silicate ﬁlm. These results are agreement with the
electrochemical results for silicate and phosphate coatings. It
should be noted that although the pH changes for silicate and
phosphate ﬁlms are approximately similar but the degradation rate
of them is not so similar. This difference can be attributed to the
apatite forming nature of the coatings, which explained above. As
mentioned, apatite forming on the surface of the silicate ﬁlm is
associated with degradation of the forsterite containing ﬁlm, but
for the phosphate ﬁlm, though bone like apatite has been partially
formed, but the ceramic ﬁlm has not been fully degraded and the
primary pores are seen on the surface of that, Fig. 8. Thus, the less
mass changes of the phosphate ﬁlm compared with silicate ﬁlm is
seems to be due to the above reason.5. Cell-surface behavior
SEM images depicted in Fig. 10 show the adhesion manner of the
G292 osteosarcoma cell line on the surface of the bare and coated
magnesium specimens. It is reported in different studies that the
surface properties of the implants such as chemical composition,
roughness and wettability can have the profound effect on cell
adhesion and in general on the biological interactions between
cells and material [33,34]. Covering the implant surface with
different kind of cell adhesive proteins is among the ﬁrst step of
cell–material interaction. These serum proteins such as ﬁbronectin
Fig. 5 Nyquist curves of (a) phosphate, (b) silicate and substrate, (c) and (d) cross-section morphology of the phosphate and silicate coatings
respectively.
Fig. 6 Bode plot of experimental specimens.
Fig. 7 Proﬁle of the pH changes for SBF medium during the immer-
sion time.
Table 2 Nyquist results of experimental specimens.
Sample RS (Ω cm2) RE(Ω cm2) CPE1-T CPE1-P RI (Ω cm2) CPE2-T CPE2-P
Substrate 60.76 180.2 3.2673E-5 0.7571 93.59 0.0014017 0.89166
Silicate 80.7 788.032 2.1882E-5 0.6749 192.4 0.0008317 0.88
Phosphate 78.06 1382 7.38E-7 0.80917 24855 3.922E-7 0.4671
A. Seyfoori et al.430and vitronectin can provide an appropriate attachment sites for
cells [34,35]. In this way, surface porosities of the MAO derived
layers can provide a rough surface and, thereafter, accommodatethe anchorage sites for entrapment of the cells through the proteins
adsorption on their surfaces.
In this experiment, after the incubation of the bare magnesium
alloy in DMEM, the surface of that is covered with a thin oxide
layer, which can be related to the magnesium corrosion. In
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precipitates are evident. These cracks are also seen in silicate ﬁlms
after incubation in the cell culture medium for 24 h, which is
associated to relative degradation of the Silicate coating. For the
phosphate ﬁlm there is no signiﬁcant cracks after cell culturing
except of structural cracks, which were formed during the coating
process. As shown, there are not any well shaped cells on the
surface of the bare magnesium so that, it seems the cells do not
have any anchorage with the substrate. This can be related to the
fast corrosion rate of magnesium alloy at the primary stage of the
incubation and, subsequently, rapid increasing of the medium's pH
adjacent to the implant, which cannot be tolerable for the
osteoblastic cells [36]. For the coated samples the shape of cells
at the primary stage of culturing is approximately spherical and
they have somewhat rough shape on the surface, but after 6 and
24 h it is seen that the cells would like to spread out and anchor
themselves to the porosities of the surface. This tendency is more
obvious for the cells on the surface of the phosphate coating,Fig. 8 Surface roughness values of the coated specimens. (Ra:
average arithmetic roughness, Rq: root mean square roughness and
Rt: total height of the proﬁle).
Fig. 9 Degradation rate of the coated specimens and SEMwhich its pores are remained after cell culturing. Moreover, in the
case of phosphate ﬁlm, due to its higher roughness and bigger
pores there is more preferred cell attachment sites on the surface of
that. By evaluating the surface roughness of the specimens is
assumed that phosphate coating with rougher surface than silicate
coating can provide better cell adhesion for osteoblastic cells. In
phosphate coating the ﬁlopodia of cells seems to be inside the
surface pores and in this way their anchorage has been promoted.
Moreover, it seems that after 24 h of incubations, cells have more
ﬂat shape on the surface of the phosphate ﬁlm in comparison with
6 h incubation. In addition, it is apparent that the cultured cells on
the surface of the phosphate coating would like to be proliferated.
All of these evidences suggest that the prepared phosphate sample
provide a biocompatible environment for favorable cell attach-
ment. On the other hand, for silicate coating, some cracks and
delaminated ﬁlm are seen on the surface of that after exposing the
culture medium. Consequently, through these cracks and surface
pores, the medium can perforate to the substrate and causes to
more magnesium ions releasing. Due to these reactions the pH of
the culture medium adjacent to the implant is increased more than
phosphate ﬁlm and therefore, it can affect on the function and
morphology of the cells. According to Fig. 10, it is obvious that at
the primary stage of incubation, cells on the surface of the silicate
ﬁlm has approximately round shape and with time prolonging after
24 h, they have just a little elongated without any proliferation.
This phenomenon can be attributed to the ﬂuctuation of the pH
adjacent to the implant that explained above.
In general, it can be concluded that unlike the other metallic
implants such as titanium based alloys, except of common physico-
chemical properties of the surface such as roughness and hydro-
phylisity [33], there may be one more factor, which can have a
decisive role on the cell behavior of the magnesium implants. This
factor is seems to be the degradation behavior of the magnesium alloy
so that, by degradation of that during the cell culturing time, an active
interface exists between the live cells and corrosion products. Hence,morphology of their surfaces after 48 h immersion.
Fig. 10 SEM images of the G292 osteosarcoma cells after 6 and 24 h of culturing on the surface of (a) bare magnesium, (b), (c) silicate ﬁlm and
(d), (e) phosphate ﬁlm.
A. Seyfoori et al.432by controlling the releasing amounts of corrosion ions such as Mg2+
and OHˉ, the proper cell response on the surface of the magnesium
implants can be achieved.6. Conclusion
Oxide coatings containing phosphate and silicate compounds were
grown via MAO treatment on the surface of AZ31 magnesium
alloy with the aim of usage as orthopedic implants. By evaluating
the electrochemical behavior of the MAO derived coatings and
using the proper equivalent circuit, was found that the phosphate
ﬁlm had the common two layers structure (barrier and porous
layers) so that, the corrosion resistance for both of the layers were
greater than for the silicate ﬁlm and the bare alloy in SBF solution.
The obtained results through the long term immersion testsshowed the same pH proﬁle for both of the coatings but the more
mass loss was registered for silicate ﬁlm compared with the
phosphate coating owning to the degradation of the silicate ﬁlm
during the immersion test. Cell-surface response obtained by the
SEM images of the MAO treated ﬁlms showed the better morp-
hology and potential of proliferation behavior of the osteosarcoma
cells on the surface of the phosphate ﬁlms due to its higher
roughness and greater corrosion resistance.References
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